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(57) Abstmcts The present InventioD rdales to the use of hepatitis C vims (HCV) p7 protein, and paiticulariy but not cxdosively, 
lo its use in mtionaKsed drag de^gn and as a screra for antiviirf therapeutic agent^^ 
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Use of Hepatitis C Vims (HCV) p7 Proteiii 

The present invention relates to the use of hepatitis C virus (HCV) p7 pioteiii, and 
particularly bat not exclusively, to its use in rationalised drug design and a method 
5 flieiefiffandalsoititsviseinascreenfiwaativitaltiier^entica 

Badbgrovnd to tiie Invemtioit 
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Hepatitis C virus (HCV) is flie prototype member of the H^cMrinae gams of the 
FlavMridae. Tbe viral graiDme is a single coding sense RNA of around 9.5 
Kildbases and encodes a single polypiotein of around 3000 amino adds translated in 
a c^independetit manner fiom an Internal Ribosome Entry Site (ERES). "ft© 
polyprotein contains the viral stnictnial proteins towards the N-teamimis, and ibs 
non^tructoral repUcative protems in the C-taminal two thirds of the molecule. 
15 Individual proteins are generated fixraa this precursor by the action of bofli host and 
viral proteases. Replication of HCV BNA is thought to occur in fee cytoplasm of the 
infected cell in complexes associated with cdhdar manbianes derived firom fts 
Endoplasmic Reticulum (ER). leading to the generalion of new viral progeny which 
are rdeased tbiou^ ttie secretoiy pafliway. 



20 



The HCV viral polypeptide con^rises 1 0 viral protebu in the order o£ 
NH(2)<k)ie-El-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5B-COOH 

Located at the junction between the viral structural and non-stmctnral genes, the p7 
25 protem of HCV is a 63 amino acid protein of a highly hydrophobic nature (accession 
number AF054247 OaCVJ4)). Sequence anal^ suggests thai p7 fijrms an integral 
membrane protein wifli two alpha-heUcal frwis-manbiane domains of an 
amphipaJhic nature separated by a short stretA of charged residues. p7 has been 
shown to locaUse to the ER and plasma monbrane aiiA is predicted to have its' 
30 tamini present in the ER lumen and the charged region on cytosoUc side fiom 
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topological studies. However, the fiicction of HCV p7 in the virus life cycle is not 
known. 

Hepatitis C viius (HCV) infection has emerged as the m^or cause of non-A, non-B 
5 viral hepatitis (NANBH) in &e world Current estimates fiom the World Health 
Qrganisatiatt predict th^ over 3 % of the world population are curreatly infected with 
the virus, making it aniajorpublic health issue in many countries. Exposure to HCV 
via contact witib infected blood leads in most cases to a chronic persistent infection of 
the liver, FtirthOTnore, *is process is often asymptomatic thi^eby delaying clinical 
10 intervention until late stage disease manifests in fte form of liver cirrhosis, often 
leading to end stage liver feilnre or hepatocellular carcinoma; a rapidly progressive 
cancer with a poor prognosis. Curreot treatomt of HCV disease comprises type 1 
Interferon often in combmation witii Ribavirin, there bdng no vaccine cnrrOTtly 
available. However, this treatment is often ineffective gainst the HCV genotypes 
15 cormnon in the USA and Western Europe, and therefiare thexe is a need fioir new and 
effective and-viral ^ents/theraipies. 

Stat^ent of t&e Invei&tiim 

20 The present invention resides in the surprising observation fiiat HCVp7 fonns ion 
channels both in vitro and in vivo (in hepatocyte-derived cell littes)thus making it a 
suitable target for rationalised drug design of anti-viral con^oimds. 

As used herein the word "conq>rises" is not occlusive, i.e. it indicates fliat the subject 
25 of the verb need not consist only of its object but may roclude flie object of the verb 
and one or more additional elements. Cognate e3q)re8sions are to be construed 
accoxdingjy. 

According to a first aspect of the inventLon there is provided use of HCVp7, a 
30 variant, fimctionally effective fragmrait or a nmtalion thereof fliat retains ion channel 
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forming capabffity in screening candidate compounds that inhibit or increase ion 
channel activity. 

Reference herein to an HCVp7 variant, fbnctionaUy effective fragment or a mutation 
5 thereof is intended to include any part of tde sequence identified as accession number 
AF054247 (HCVJ4) or its capr^on products which has ion channel activity, 

Prefer^ly, HCVp7 is cotqpled to a poly(amino acid) sequeme. 

10 Coulping may b© for exsaaple by covaleait bonding, homo or heteofimctional Unking 
or flsrou^ chcanical iaross-linkage or by a natural pepetide. 

Preferabty, the poly(amino acid) sequence compiising basic natural or mmatpral 
amino acids such as ARG, LYS or BOS. 

15 

Preferably, the linker is a poly HIS conqprising at least 2 and up to 50 residues. 

Prefeably, fee poly HIS comprises at least 2 and up to 15, or at les^2 and up to 10 
or moieprefer^ly stiU at least 2 and up to 6 and preferably at least 4 residues. 

20 

Preferably, the HCVp? is incorporated into a membrane for example and vwthout 
' ]tmifaii f\n fl hlflck lipid membrane. 

In another eiaibodiment of the invention nucleic acid encoding the HCVp7 protdn, 
25 variant, functionally efifective fragment or a mutation thereof is incoiporated into or 
comprised in a viral system. 

Reference herein to viral system is intended to inchide, examples such as and without 
limitation a herp^ virus, adenovirus, pestivirus such as bovine viral diarrhoea virus, 
30 picomavirus, Flavivirus or pox virus vector. 

3 
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Aocorfing to a yet further aspect of tiie inveotion there is provided a method of 
screeniiig a compound, pref^bly from a coiri)ound library for compounds, that 
inhibit or enhance ion channel activity con^nising the steps of: 

(i) contacting a membrane comprising an HCVp7 protein or a viral 
5 system including a nucleic acid encoding an HCVp7 protein with a 

randid^tt^ conq>ound; and 

(ii) measuring ion channel activity across said membrane or in viral 
system. 

10 According to a yet fuxther aspect of fee invention there is provided a method of 
scre^iing a compound or a compound library for efScacy of inhibition or enhanced 
ion disunel activity comprising flie steps of 

(i) contacting a membrane comprising a HCVp7 protein wife a candidate 
compoimd or a viral system including a nucleic acid encoding an 

15 HCVp? protdn wife a candidate compound; and 

(ii) comparing fee activity of said candidate compound wife a standard. 

The standard may be a known inhibitor or enhancer of ion cbaimel activity* for 
exanq>ie amantadine. 

20 

a will be iqjpreciated that fee mefeods of fee presrait invention advantageously allow 
for high-Arou^put screening of large drug libraries for compounds feat inhibit or 
increase ion channel activity or compounds wife improved efiBcacy over pricar art 
cornpounds. 

Preferably, the mefeods of fee invaation fiirfher include any one or more of fee 
prefOTed features horebabefore disclosed. 

In one embodiment of fee invention fee mefeod may comprise combining 
30 amantadine feerq)y wife anofeer antiviral compound or amantadine may for 
comparative purposes. 
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According to a yet further aspect of the invention there is provided use of HCVp7 in 
the assessment of channel formation by p7 variants and naitants thereof 

According to a yet fiirther aspect of flie mvention 4ae is provided a compound 
5 identified according to fee method of flie hwention. 

According to a yet &rther aspect of toe invention there is provided an antiviral 
fheHapeatic agent as identified by the method of ttw invention. 
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According to a yet fiirther aspect of the invention thare is provided use of a 
iher^c agCTt ideitified by the method of the presort invention in the preparation 
of amedicament for the tteatment of a viral mfection. 

According to a yet farther aspect of the invention there is provided nse of a 
15 ther^c agent identified by fee meOiod of the present invention m the prq>aration 
of a medicament fwr 4e treatment of hepatitis. 

Accoidmg to a yet fiirther aspect of the invention there is provided use of a 
ibes^eutic agent identified by the method of the present invention in the preparation 
20 ofa medicament for the treatment ofhepatitisC virus (PCV) infection. 

According to a yet fiirther aspect of the invention fliere is provided use of an antibody 
directed against HCVp7 as an inhibitor of channel ion activity, pharmaceotical 
preparations thereof and use in the manufectnre of a medicament for the treatment of 
25 hepatitis C virus (HCV) infection. 

According to a yet fiirther aspect of the invention there is provided a membrane 
incorporating HCVp7, a variant, fimctionally effective ftagmeat or a mutation tiiereof 
that retains ion channel forming capability. The membrane may be used in the 
30 metiMMi or for the uses hereinbefore described in any of the oti»^ aspects of file 
preset invention. 
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The iinrention wffl now be described by way of esmapl^ only with refereoce to llie 
following Figures whraidn: 

Figme 1 illustrates p7 heKamexisalion in meaDobranes of HepGZ cells; 

5 

Figure 2 shows transmission electton microscope images of GSTp7 in liposomes; 
Figure 3 illustrates computBr modelling of p7 heoiameiisaiion; 
10 Hgnre4aschematicrepreseatationofablacklipidmembrane(BLNl); 
Figure 5 shows GSTp? voltagp-gated ion diannel activity in BLMs; 
Figiue 6 shows GSTHISp? stabilisation; 

15 

Figure 7 shows GS'IHISp7 caldiHn ion channel activi^. 
Figure 8 shows HISp7 calraLum ion diannel activity; 

20 ripae 9 dixrm wm"^"" ^Wbits HISp7 ion chamiel formation;. 

Figure 10 shows the putative method of transport of functional influenza H5 HA and 
^unlitation by co-expression wifli HCVp7 and; 

25 Figure 11 shows HA transport is inhibited in the presence of amantadine and by KR 
mutant 

Detailed Descriptfon of the Invention 

30 Many animal viruses encode protems of low molecular weight, which are 
hydrophobic and form ofigomers. When these proteins are individually expressed in 
bacteria or m ammal cells, fliey induce profound modifications in cellular 
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penneabiHty. These proteins therefore, have been collectively teamed as •Viroporins". 
Amongst the viral protems that enhance membrane permeability are polioviius 2B, 
2BC and 3A, the togavirus 6K polypeptide, influenza M2 and Vpu from fflV-1, 
These Viroporins are all small integral membrane proteins that oligomerise to form 

5 ion channels in cellular and often viral membranes. They usuaUy function so as to 
modulate cation ^change to fecilitale egress of virus particles from cells or change 
to the interior of vims particles. Peifa^ the most femoxis of fliese protdns is &e M2 
piotein of Influeaiza A virus which is the target of tiie first anti-viral drag 
Amantadine. We provide evidence that p7 is a Viroporin and that it too will 

10 oligomerise in membranes to form ion channels in a similar faduon as M2 thus 
making HCVp7 a suitable tai^t for anti-viral compounds. 

Materials amd Methods 

15 BLM E^erimeniai Procedures 
^^^^^^^^ I nhfrnnKerPreparatjon 

All buffer solutions were prepared by dissolving the relevant amounts of KCl, CaCla 
(Boftx Aldrich 994-%) and PBS m MilKpore watear ^18MQ) to ^ve the followmg 
concmtrations, O.IM, 0.2M, 0.5M, IM and 4M. 4 commercially available BXJvI 

20 chamber was pre^lesned by immersion in DECON/Millipore water ^ISMQ) for 
24hrs prior to all experiments- To remove all trac^ of deto^ent flhe chamber was 
flijshed with running water for at least five hours, hnmediately before use the 
chamber was washed extensively with MiUipore water ^ISMQ) and dried in N2. 
Silver chloride electrodes were prepared using electrochemical deposition of chloride 

25 onto silver wire (d=lmm) firom a concentrated KCl solutiorL Agar bridges were 
prepared by cleaning glass pipettes m Methanol (HPIXJ grade) then storing in a 
drying oven- The pipettes were moulded into the correct shape using glass blowing 
techniques. A 4M buffer solution containing 2% bacterial agar was pipetted and the 
A^ bridges thus formed were stored in 4M buffer solution until required 

30 
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L^PreparaOon 

A number of fipid compositions wae investigated using the foUo^wing me&odology. 
A 30}il aUqpiot of phosphatidylethanolamine (25mg ml"' - Lipid Prodocts) was added 
to 38jj1 of phosphatidylserine (25mg ml'* - Lipid Products), The solvrait was 
5 lemoved with Na and Ihe lipids wtare dried under vacuum for Shouts. After drying the 
lipids were redissolved in 30id decans (Aldrich 993+%% voitexihg as required, thea 
stared <m ice prior to 1^ 

Lipid Biti^er Farmatiott/ReeortSng 
10 Hjb two Ag/AgCl electrodes wctc placed in a Faraday cage to naimmise noise during 
cuneot recordings and connected to a oonsputer via an AXON patchclamp filteted at 
50Hz, an ADC inteifeoe and a DAT recorder. AXON pdamp software was utilised 
to record and analyse the traces. A sample of the lipid in decane sohition was 
brushed around the chamber cap pore (200nm) to act as a "glue" and aid stable 

15 bilayer formation. The chambers were filled with the required buffer solution and the 
corrmt and capacitance monitored to ensure that the cup pore was uuiblooked. A 
sample of the lipid solution was brushed across the cup pore until a stable 
cj^tance was recorded. The lipid was then allowed to &m and stabilise over a 
ISmin period. Only membranes dtat gave zero current and specific c^acitances of 

20 0.3-l»iFcm-^ were used furflierfiOT protein studies. The cisduH^^ 

the trans chamber ^pUed voltage was varied betweaa +/-280mV to monitor flie 
stability of the bilayea: and to detennine tile presence of posable contaminants. 

Protein/ Amantadine StuiUes 
25 Varying amounts (IS-lOOid) of the proteins under study (GST, GSTp7, GSThisp? 
and hisp7 in methanol or PBS- see detailed description of the invention) were 
injected into the trans compartment of the BLM chaniber. After lOnunutes the 
applied voltage was varied betweaa +/- 280mV and the resultant , current sigoals 
recorded as a fimction of time. 
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To monitor die effect of amnntadinR (Aldrich) on the formation of ion channels, 40ja1 
of a mantafiinft (20jiM in methanol) was added to both ds and trans conq>artments. 
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•nie cvnrent tnices showing blocking of ion channels were recorded within iOsecs 
B&eac ainmtadine injection. 

jMaiIedpratocolfordomag/e^ressU>n/punfi afGSTp7, GSTHISpZ and 
5 HBSp7. 

r^^mtinn of p 1^>»mid comtructs . The p7 sequence of hepatitis C virus IB was 
an^Ufied via PGR using the J4 isolate infectious clone pCVJ46LS as a tesnplate 
(Virology. 1998 Apr 25;244{l):161-72). PGR was carried out using a proof-reading 
thennostable polymerase; Vent polymerase (New England Biolabs) according to 
10 manufecturers instructions. The p7 cassette was generated using primers; newpTPwd 
5' - ATATATGAATTCGCGGCCATGGCCTTAGAGAACTTGGTG - 3' (SEQ ID 
NO:l) and newpTRev 5' - ATATATACTGCAGGCGGCCGCGGCGTAAGCTCG 
TGGTXKjTAACG - 3' (SEQ ID NO:2) . The HISp7 cassette was generated using 
primers; newpTRev (above), aad HISp7Fwd 5' - ATATATGAATTCGCGGCCAT 
15 GCATCAtCATCATCATCATGCCTTAGA GAAC TTG - 3' (SEQ ID NO:3). PGR 
amplified DNA was extracted with phenoVchloroft»rm (25:1) pH 8.0, ethanol 
precipitated, and digested witii £co Jlf and Not I restriction endonucleases (New 
England Biolabs) at 37 for 3 hours. Resulting sticky-ended DNAs were purified 
by agarose gel electrophoresis followed by phenol extraction and Ugated to the 
20 Glutafldone-S-Transfease expression vector. pGEX4Tl (Amersham Pharmacia 
Biotech, Geobank accession number U13853) which had been digested and purified 
in the same manner, using a rapid DNA Ugation kit (Rodie Diagnostics). ligations 
were transformed into R coH DHSo and resulting clones w«e confirmed by 
restiicdon digest to release the cloned fragment and by double stranded DNA 
25 sequencing (Lade Technologies. UK). Plasmids were named pGEXp7 and 
pGEXHISp7. 

Kvpr««inTi and pi^fir.atinti of GSTp7. A single colony fiom a fiesh tcansformation 
of pGEXp7 was used to inoculate a 5 ml overnight cutture (LB +100 [ig / ml 
30 Anipicillin)grownat30°C. This was then used to seed a 400 ml culture wMtA was 
grown at 30 °C to an ODsoo of 1.0. At this point, IPTG (Isopropyl p-D- 



9 



wo 2004/005333 



PCT/GB2003/002937 



thiogalactopyranoside) was added to a final conceotnrticm of 0.1 inM in older to 
induce expression fiom the Taq ptomoter. and tb© cultBres gtovn for a farther 2 
horns. Cells were peUeted at 6000 ipm in a Sorvall SIA-3000 rotor for 10 nm at 4 
°C. The resulting pellet was resospended in 10 ml PBS containing 1 mM DTT 
(Dilhiothreitol) and protease inhibitor cocktail (Jtoche Diagnostics). 0.5 ml of 
lysozyme (10 mg / ml) was then added and the mixture incubated at room 
tempCTature for 5 min to clear. Large cellular debris was distopted \iy sonication. 
foUowed by fee addition of 1 ml PBS/DTT/IO % Ttibm X-100 and centri&gated 
(Soivafl SLA.-1500 rotor) at 10000 rpm for 10 min to pellet deteis. 1 ml of a 1:1 
susptaision of glutathione-sepharose beads was i&ea added to flie sis>eniatant and the 
mixture rotated at 4 °C for 1 h. Beads were then washed three times in 
PBSmrr/protease inhibitor, and finaUy resuspeaided in PBSOTT at a 1:1 ratio v/v. 
Beads were loaded onto a gravity oohmm (Ckmtech) and washed three times wifli 50 
mM Tris-a, pH 8.0 to equihTirate, Fusion protwns were &en doted by the addition 
15 of 3 X 0.5 ml Tris-Cl, pH 8.0 containmg 20 mM lednced Glutathione (SKBIA). The 
second and third ehitions were pooled and dialysed using a Slide-a-lyzer casst«e 
(Pierce Endogen) in PBS or MeOH. Purity and concentration of Ao protem was thai 
d^ennmed by SI^P AGB and BCA. 
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^^r.s.<.^on andoi^fi^^nn nf GSTHISd?. GSIHBp? was «q»ressed and purified in 
the same way as GSIlp7, excejrt that instead of a starter cutture, file 400 nd cuftare 

was moculated wifli a sm^e colony and grown fi)r 12 h at 30 before hidoction 
with 0.1 mM find concentration IPTG. followed by growth ovemi^ at fije same 
temperature. 



ri^ ^iiftn of WfR p7 from G RTHTKp? bv thrombin cleavage. Pre^alysis. 
CSSTHISp? was cleaved at flie flaomhan deavage site present in the pGEX4Tl 
poljdinker by flie addition of 10 units / mg fusion protan thrombin ^IGMA). 
Incubation was earned out overnight at room ten^eiatare and the cleaved HISp7 
30 separated by GS-trs?)™ (Amersham Pharmada Biotech) chromatography fi>llowed by 
collecting the flow-tbrou^ aftCT passing fbroa^ a 10 000 MWt filter ( Microsep, 
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PaU life sciences). Purity and concentration were ttxen determined by mass 
spectometiy, SDS-PAGE and BCA. 

ov^g3b4at37«C. Cellswe^wadiedoncemPBSandliidofalilOdflutionom 
(dilutedinserim-fteemedWwasaddedtoeBdi^ Hrisv«i8 Am incubated at 
37»C&rafiir1terlhrandwadiedonceinPBS. HietfansfectiaQinix (seebdow). 
Was tfiai added and incubated for 5-l2h at STC Ihe mix was ranoved and 2iiil of 
10 medium wifli 10% PCS w added wifli a Merincubatadoo period of48h at 37^^ 

Uiitransfected control and infected positi^ 
was infected vdtti virus 2^ after the transfertitai. 

Tl« bacterial mixture was fc« diluted toa«>nceatiationof5.^^^ 
15 (1:182 dUutian), Iml of san5>le was added to each weU and incubated at 3TC for Ih 
andftenwashedftreetuneswithPBS. 1ml of 0.5% horse red blood cells was added 
to each well and incubate for at least 2hr at room temperature. Plates were agitated 
tom-suspendalllooseredbloodcellsandwashedgentlythieetimeswithPBS. 1ml 

of Ix CAT lysis buffer was added to eadi well and left for 1 minute to lyse the cells. 
20 San5,le8weiethenmicrofugedatl3.000ipmfor3minandthesupernatantdecanted 

into a plastic cnvette so tbat the absorbance could be read at 540nm- 

KNA was made iqi to lOOpl wifti optinuanin abijoabottle and 4|il hpofectamme 
25 added to 96pl opthnen in anoflier bijou botfle. (4Mlper IjigDNA and IjigofHA 
and 0.2ngofM2 were used). The DNA mix was feea added to the Upofectamine 
mix and incubated for 30^5 min atroomtempraature. Vero cells were flien washed 
withsenm-fieemedium,and800plofoptimemaddedtoeachtiansfectianmix. The 

mix was then dripped onto the cells. 
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EXAMPLE 1 

As previously discussed, Viroporins are aU snaaU integral membiHne protdns that 
oUgomerise to foim ion channels in ceUular and oflm viral membranes. They 
usuaHy function bo as to modulate cation exdiange and to fecilitate egress of virus 
5 particles fiom cells or cihanges to flie interior of virus partides. 

With reference to Figures 1 and 2 it has been shovm that HCVp7 forms hexamers 
both in vitro in HePG2 cells and ifi wlw in liposomes. Figure 3 ilhistrates &b 

computer modelling of HCVp7 hcxaherisation. Ihese observatioais coupled wifli lbs 
10 hydrophobic nature at the amino add level suggest that HCVp7 is mdeed a me«nber 

of Ihe ViK^KJiin family. Figure 4 provides a schematic r«?ttesentalion of HCVp? 

incorporated in a BLM. 
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EXAMFLEZ 

With refemce to Figure 5, we have been able to demonstrate that a GST^V fasion 
protdn has voltage^gated ion channel activity m BLM. Moreover. staWUty of 1h© 
fiMionproteinhicreasesbytheinoorporatianofae-HISlmkBrasseaiinFiga^ hi 

addition. W6 have been able to demoiistrate flwt the inchmon of a S-HIS Imkar 
increases ion djamidaiJtivity in presence ofbodiK^ arid Ca«-dec^ 

in Figure 7. The efBwt beang more pronounced m 4© presence of the Ca 

electo^. 



BXAMFLE3 

We have found tiiat removal of die GST part of flie fusion protdn. so that p7 is 
25 a580ciatedonlyvriaithe6-HISlinker,resnltedmanunsxpected5fe^^ 

dumndactivityinfhepresenceofbofliBC^andCa^^dectolytesOPigureS). Theion 
cbannd activity still bdng m«e pronounced in fte presence of the Ca electolyte. 
These results are surprishig since p7. v^di has two o hefices, is l^id sohxble and 
was fesed to GST in order to make the molecule more soluble. Accordingly these 
lesults suggest that HISp7 acts as a voltage-gated cakimn channel BLM in the 
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absence of a fusion protein and fliat it rq)resents a novel target for soiBemng 
compounds tiiat inhibit ion channel activity. 

EXAMPLE 4 

5 Our studies have demonstrated fliat amantadine inhibits ion channel fonnation by 
HISp7 (Figure 9) in the micromolar range. This confirms the potential use of HISp7 
as a target for scieemng inhibition of chanad activily and may lead to the discovery 
of altenoative anti-viral Aerapies. 

10 EXAMPLES 

Using the haemadsorptitm assay and Vero cells we have been able to show flat 
transport of fenctional mflnenza H5 HA is fecilitated by co-«spression vnfli HCV p7 
(Figure 10) and that HA transport is mhibited by the presence of amantidine and by 
die K33A«a5A mutation (Figure 11). We bdievelhat HA fluprotem is shipped to 

15 ifae ceU sarfece wh«e it adopts a fosogenic state (see schematic r^iresentalion). 
However, the presoxce of either M2 or p7 prevents HA fiom becoming fasogeoic so 
diat it is able to bmd to sialic acid on red blood cdls. We have also shown ftat the 
his-tag does not substantially alter activity and tiiat eatpression {as drananstiated by 
Western blot Figure 11) is not aflBected by the presence ofAehi^tag and ftat the KR 

20 mutation is dominant negative and that mutation does not affect expression. We 

have also been able to demonstrate that p7 ioj channel activity is substanliany 
abrogated ill the KRmntant and that bovhie viral dianioea virus CBVDV)p7 also 
mediates mammalian cdl membrane permeability (FiglJiB 10). These data s.q»port 
&6 present inv«ition ftat p7 forms ion channels and has ntiUty in the pharmaceutical 

25 industry. 

Our studies have shown ihat we are able to eocpress the p7 protan of HCV alone or as ' 
part of a fiision protean in vitro, in bacteria and mammalian hepatocyte-derived cdl 
lines. We have observed by electron microscopy a hsxameric form of p7 fiisitHi 
30 proteins purified from bactaia and the ftequfflicy of Has oKgomeric form is greatly 
enhanced in tiie presence of fipid membranes. The hexameric fenn is entirely 
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attributable to fee presence of the p7 domain as none was serai in preparations of fhe 
fusion protein partner alone. Furthennore, foUowing expression of p7 alone in 
hepatocyte-derived cells a 42 KDa species was detected by western blotting. TMs 
species was only detected in gels run under denaturing conditiona after prior 

5 stabilisation with a lq>id-soluble chemical cross-linking reagent, suggesting that its 
fonnation occurred within celMarmanbiancs. These proporties are diaiacteaastic of 
viioporins, which mediate cadon pameability across m^ibianes and are inq>ortaot 
for viral particle release or maturation. We beHeve feat p7 is of particolar utility as a 
targ^ for rationalised drug design of antiviral feetapies and feat includir« p7 in a 

10 membrane will offer an improved screemng systian and method fiw detecting 
candidate feeiapeutics. 
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Claims 

1, Use of HCVp7, a variant, functional^ efiBscdve fragment or a mutation 
thereof in screening candidate conipoxmds that inhibit or increase ion channel 

5 activity. . 

2. Use according to claim 1 wh^:ein HCVp7 is w^jpUsd to a poly(amino add) 
sequence. 

10 3. Use according to claim 2 wherein tlfe poly(amino acid) sequmcchnker 
comprises a basic natural amino add selected fiom the gpmp ccmq?rising ARG, LYS 
or HIS. 

4 Use according to dtibiea: claim 2 or claim 3 wherein the poly(amino acid) 
15 sequence is a polyHIS sequence* 

5 Use according to claim 4 whsrdn fee polyHIS sequence comprises at least 2 
and up to 50 residues. 

20 6. Use according to claim 5 wherein the pol^eiSsequ^^ 
andxq;) to 10 r^dues 

7, Use according to any preceding claim wheieia HCVp7 is incorporated mto or 
comprised in a membrane. 

25 

8, Use according to claun 7 wherein fee membrane is a black lipid membrane. 

9, Use according to any one of claims 1 to 6 wherein a nucleic add flooding fee 
HCVp7 protein, variant, functionally eflEective ftagment or a mutation feereof is 

30 incorpOTated into or comprised in a vnal system. 
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10. A mefliod of screening fijr compounds that inhibit or enhance ion channel 
activity conqMising the stqis o£ 

(i) contacting a membrane con^jrising a HCVp7 protein or a viral system 
including a nucleic acid encoding an HCVp7 protein with a candidate 

5 compound; and 

(ii) measuring ion channel activity across said membrane or in viral 
system. 

11. A method of screening a conq>ound for efficacy of inhibition or enhanced ion 
1 0 channel activity comprising the steps of: 

(i) contacting a membrane coniprising a HCV p7 protdn ox a viral systmi 
including a nucleic acid aicoding an HCVp7 protein with a candidate 
compound; and 

(ii) comparing the activity of ssdd candidate compou3Qd with a standard. 

15 

12. A method according to eillier claim 10 or 11 fiirftier including any one or 
more of the features of cla]nis2 to 9. 

13. Use of HCVp7 in the assessment of ion charmel fimnation by p7 vaxiante 
20 and/or mutants thereof 

14. Use according to clmm 13 further including any orie or more of the fra 
claims2to9. 

25 15. A compound identified according to the method of any one of claims 10 to 
12. 

16. An antiviral Iheiapeutio agent as identified by the method any one of claims 
10tol2. 

30 
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17. UseofatherapeuticagentidHitifiedbylhemethodanyoneofclaims lOto 12 
inlheprepatalitm of a medicament for the treatment of avixal infection. 

18. Use of a 1iira^)eutic agent identified by tiie method any one of claims 10 to 12 
5 in the preparation ofamedicama»t for fee treatment of hepatitis. 

19. Use of a fherapeatic agent identified by fbs method of any one of claims 10 to 
12 in *e preparation of a medicament for the treatment of hepatitis C virus (HCV) 
infection* 

10 

20. Use of an antibody directed against HCVp7 as an inhibitor of channd ion 
activity, phannaceirtical preparations ftiseof and nse therefor in the mamiftehire of a 
medicameait for fee Heatmtait of hepatitis C vims (HCV) infection. 

15 21. A membrane incorporating HCVp7. a variant, fimctionally effective firagment 
or a mntation thereof that retains ion chamxd forming capability. 

22. A membrane according to claim 21 fitrtherinchiding any one or more of 
features TBCited in claims 2 to 9. 

20 

23. Use of a membrane according to eifliBT claim 21 or 22 in screening candidate 
con]pomids that inhibit or increase ion diaonetl activity. 

24. Use of a membrane according to ai^ one of claims 21 to 23 in the mcfliod of 
25 any one of dainffi 10 to 12. 
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